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-. Field of the Invention 

This invention relates to a lubricant for metallur- 
gical powder compositions, as well as a metal-powder com- 
5 position containing the lubricant. The invention further 
concerns a method for making sintered products by using 
the lubricant, as well as : ^§l|e of the lubri'car|;;in : ^:| 
metal-powder composition in warm compaction . Particu- 
larly, the invention concerns lubricants which, when 
10 warm-pressed, result in products having high unsintered 
strength (green strength) . 
Background of the Invention 

In industry, the use of ; metal product s manufacture dV:; 
by compacting and sintering metal-powder compositions is 
15 becoming increasingly widespread. A number of different 

products of varying shapes and thicknesses are being pro- 
duced, and the' guality requirement s pi a c ed on ; these . P?p- Vv 
ducts are continuously raised. Thus, it is of paramount 
• . .. importance that the manufactured metal product s have hi gh 
20 density as well as high strength. 

In metal compaction, different standard temperature 
ranges are used. Thus, cold pressing is predominantly 
used for compacting metal powder (the powder has room , 
temperature) . Use is also made of hot isostatic pressing 
= 25 (HIP) and warm pressing (compaction at temperatures be- 
: tween those used i n go Id p res sing and HIP) . Both >co^d?:; ; ; ; 
*^PIt>||ssing and warm pressing require the use of a lubri- 

[ : \ ^^a0§y&MMBMM. ¥W [ M:M¥\M¥ : ? t Cilfffii ¥;]J h¥¥}MP^-(: : ■ 
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sity and higher strength than comp^t|^h:::per formed at 

lower p^|^||i : |if i 11§ltl^ . SfllMM mk^.'-.'r ,'-4:;!li||||llf § 

MOsllllllie.: lubricants- ui^^^^^^ig^actdion|q&ng^ 
not be l|B^|fBI|h-|iitiperature compaction, since they 
t$, ■ seem to IlliiilfeMive within a limited temperature range 
fp: : pniy. An ineffective lubricant considerably increases, the;;: 
wear ofMe:^olp&ting tool. '■ 'H;; ! i|y|;; : ; : :: ; 'v 

■' How much the tool is «o& is influenced by-|||^pu|:v;;r ; ;.:.. 

fetors, such- as tiie hardnesst .of i the material of the 

10 tool, the pressure applied, ^ the friction between theg 

cdmpact and the waif t&e gol when the compact is ^ 

'ejected. This last factor is::l;tro;nf 

v \: bricant -used . 

The ejection force i s 0^:: f P rce r e quired : for^jectfv- 

■||S;: : y'in;g; the compact from the tool. Since a high ejection 

force not only increaes the wear of the compacting tool 
but also may damage the compact, this force should pre- 
ferably be reduced. ■ 

However, the usexof a lubricant may create problems^ 

: 2 0 in compaction, rand it is therefore important that the ; lu- \ 
bricant is well suited to the type of compaction carried 

out. .. . . 

^;;v : in or de r to perform satisfactor ily, the lubricant v ; y 

should, in the compacting operation, be forced out of the 
25 pore structure of the powder composition, and into the 

gap between the compact and the tool, thereby lubricating 
the walls of the compacting tool. By such lubr if i c a tion ;|; 
;.V ;df / the walls of the compacting tool, the e j ection force 
is reduced. 

30 Another reason why the lubricant has to emerge from 

the compact is that it would otherwise create pores in ; ; 
the compact after sintering. It is well-known, that large 
^•-y ; ; pores have an adverse effect on the dynamic strength 
properties of the product. 
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j^vf $ %iiit;e r ed- .products : ,ph the b a;si|f |qf ^ a | |||e||g^f©:(Dwcie r : cdil 

cant, which consists of the; iSSI®^^^^^^^ '^II^MI 
carboxylic acid, a dicarboxylic acid and a • ' di amin : i;/; tWe.||||:: 

composition contains . i#on-b^ 
• : . can t thus : consists of an a38|^J^|i^^^^^^| ; 
If f f : ! ^^^^§^m&0M^iS^^^ mono amides , bi s amides •' and • ,p^|||||||ie s: ; ; 

brieant ADVAWAX® 450 or PROMOLD® 4 50.;: : which "I^S^&ll 
• ethyienebi ss tear amide product . 

Fur the 955 789 (Musella) describe s; warm 

lubricants generally used for cold compaction, e.g. zinc 
lll'fF stearate, can be used for warm: compaction as well : ^rk' : ^.^--^ 
practice 

If ; ste^^ate or ; e thy 1 en eb i ss t e a r ami d e i ||§ omme I ciaily availably; 
20 i as AGI^M® which at present : are|ther lubricants 
}fy : M- : f r e e K 1 1 y lis e d for cp Id ; c p^ act ion , f o r w a riri pomp a c t: i on . 

U&M |ng: : :the{ ;: id|e || n||;a ' sat isf actpry : manner . 

Accordingly, an object of the the invention is to 
llf! 1 provide a lubr i c ant en ab ling the mahuf a c tu §|||f | comp a c |ed 
• products hayi^ 
sit 

density and low ejecting force from the lubricant in ; Ggm%- 
bination with iron-ba:sed powders having high compress- 

ciaily important. High green strength can make the com- 
pact maGhiiiable and f acilitates the handling of the. com- 
pact between compaction and sintering> and it further re- 
sults in a sintered product of high density and strength. 
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' ii^-^tfefer^i s.e dam^l^^^li'-^^i^^t b e i-ntjK : : e'G t e d to 
.: .^^lMjd^#afc=$.e s t r ^s^^||^^^^^^t:eca f rom ; :;tfr£ ; f : §pmp acting. 

, § i - Invention ' 

The l|§|f^^ in^|||^ 

v ^^f^i^^^^^^^k 30, 000 at the most 

| and, ^^^^K^^^^^^Kt^ ; ! = = : WSKfiftK^^ttM.^ftffl^ffl^tf^^i^ - - = 2 >l = = 
10 varies between 2, 000 and 20,000. In this context the 

expression "oligomer" is intended to; include also lower 

pbiy amides i . e . ipoiyamides having a : ;;mplecular weighty; ; , 

lllilliiii 

'. ' "-X-X-X '.- ""l*!* •"-! * ■ I*"*I"r*l"*"t* • I'l'Sl't •!■ ■-•^*-*-* *'*• *""" "*" •*• *'*■ '-*■ '•"•X-XX*X , X* X*X*!* '. X*X*X •X , X-X*'' , X*X , X - X*X'X , X'! X\*X . •* . •'*'* ' ; * ;'/fx'x^X«x">X X* • X*l*X"x'x"*XX*X'X - N" *X*X-X'X*r X*X*. X • 

does not have too high;; a inolefcuiar -weight; ;; since th^ | 
15 density of the. product will then be too low to be of 

: interest in industrial applications . In this context,-': the 

me an s; ; '^iiat; f at ; 1 e as;t|li;0:^;: }! : 

1||§||||^^ 

20 according to the invention ||| 

The invention further concerns a metal-powder compo- 

t i on e d lub r i c ah t , as W ell;; as ;;a§| me t Kl6 d f p r ;ma ki rig s iii t e r ed 
1 1 1 produc 1 s W§SMW^X^M lllli diiig t g | the' | inventiph;; comprise s 

| 25 1 ; -steps Wl- 

ij| i \ III a) mixing an £ r ori-^a^:^d^ ;||§f^^ i|;l^ri c ant;;;t : 6;:' ^ ■■ 

metal-powder composition, 

\ b ) a pre- 

determined temperature, 

011111 :; ; g) I 

tooi> and . ■ ;. if. ^ k • \f^: : :f.^ £ •-.••..•f . 

: d) sintering the compacted me t al -powde r eompo s it ion; I 
at a temperature above 1050°C> use being made of a liibri- 
cant according to the invention. 

< I ll^ii® BrM; : ;]^ot0r^^g0^\ f -in^ehtionl- Mi-gi--- 
cMM ! ;|£c>wcj^^ ;pres:sihg.: : ^ 
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I^ IdIIM; led d e scr i-fi^l^fxlB;^:, : £ti:e\ : : ;;lny e ri t io B 

II" f II llfi;C""v The lubr 

.:^li;|^fti^rs which Jne||||te:: : i ; |;iil§ps; 

lit • • :; iullit Ofe- " . ' • ' IIIOII 111:- ; 3? j*>i !® : : : Ml* : : : 



on 



ains 
ating 



: :y. :■ >>•;> ; .- • . :.: : :-v :C :•: . : :' : *:'x : : : : : : : ; : : :: : i"".*.'"":*.-:"; ■ ' 

dicarboxylic acids and contain the repeating unit 



15; 



20 



25 



30 



35 



■ M -[W^ :: : : 

greater than 12, and: x: is in the range: of 2-25 . 

itt^ : : :: : ;tirii t i| ; |ft §|| Illl ; --cii f f ere ht jj t e r mi nai -Hgr bug || \ S u i t ab | e : % : ; y | 
•:i|;|rMi;^Ii : groups |£b:^ it;i;;on;;| ofoQ W om ; . :;||| j 

^ t aiic e v -H ; - CO-R > whe re in R i s a s t r^i^ht: o r branched 

fdr i lt^e; v position of . -CO] - ■ ;ar .e •:; '^qm ihst^nc^> : -rOH 1 |||| | | J 

ph at i c group or aromatic gr bup , p r ef e rabl.y C 6~ C 1 2 *1 i - , 
phatic group; and -NH- ||h|| ri-NR^ wherein n : is ||||||. 

: Further , the (oligomers in the lubricant; according to 

| ; ||: The lubricant can: make up; :0 il-1% by weight of |§|||^|| 
p r e f e riabl y :: Iji w 2-0 . 8 % ; by weigh t> based: ;pn : |the; total : amouiit: : 

y§SD||^ pi|y:|>|s||^ 
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amount s : ; : . ; Ii||l^^i|i^ : al 1 y adv apii^^^^^k ture o f : ;^^||lr| J| 



vention^II^sinl'e 



it; 



e nab 1 e s hi^fi^^^a||i^s^-. to be aelf§ 



^Jili^iBiS-i illilii^ scrip t :i:Qn| 
fehe e x^lllii^oriil o n;|b;a s e d ^oi^^MM^n^^as^es 
. y.Sfx: : . . .sent ial§^ i:^n;;;| filon ;|||;|v||e:r ; ^^;^|g|g|ea 

■ • ;£p£al.M^ : the 

;'• . • yhe ha i|Ie^l;hg|.^r |f e:r iiie : s: , t hp§|;|| g|§|qni| : p:|:^|l||:|;s I • [ 

IllflS^pi:- -Stl^^ of ..the ..end prod.u^t;S}; : ;;:; and If 11 

Cii|i|me^il j |||lx : i;ius ,;Ibn?| iai&eal : ed |nt|||liir e : o r I piir;e32yj i: : |mi|^|p|i|||^ f 
mixture) . Examples of alloying elements are copper, 

*'•*• •*•;•*•*•*• **»I*X*X*X *»" '*. *• * '.' *X*X"X*1' ' •' •.*.* •!' ■" • X • '•' *X*X*X .*X*X - X'X*X\ ** *• '•' *• X*X*X - X*X * .*.*.*.* ".■«*.* ;•*•* X"X*X'X*X*X* * \*X\'X X*X*I* \ X*X*X X*X • ■*. ** ' •' *»*"*•*■*•***.* *.'.*»*. •.*.•,*.*. '.*.*.■ ; *. .*- * * *•*.* ■ '•*- \ 

\ : ^molybdenums chromium, • man ggn|:s;e'>p :^^s^qi^^:: \ \ 

the form of graphite , arid tungsten, which are; used either 
separately or in combination, e.g. in the form of com-. 
15 pounds (Fe^P and EeMo ) . Unexpectedly good results are; ob- 

•X*. I X X*\'X*X*! X "'* * • •' • • X*X*X* * X*X*X*X*X X' X X*X / *X*X*X*. . X'! - X*X '. X vX**v* 1 *X*' . ■ * v v**. X*XX*X X*X**'X*X*X* *X\*X*"*X*,* *XX*X*X*X ' '•X*X , X*X*"* """X" •**• •'. • X X*J ' X*XvX - *»••*. X'**X*X*X - X , X"X*X*X' •.• *.• X - . 

tained when the lubricants according to the invention are 
used in cdmbina;tion;i with iron-based powders having high 

III lllnp^ ;:f;such ; powd ers;; ;;hcL^e;;:: ;.;§§ i ow \ 

carbon content, preferably below 0.04% by weight. 

:;2;t|xfl§^ 

100 .i2;9, all of which are commercially ; available from 
; iHoganas AB,;; Sweden. ; 

x : i;:;;x >ir ;^^a.iHfc ; : • f irom the i r qh-b a s ed po wdtes r and the; : lut> r i c an *£ ; ; 

consisting of binders, processing aids and hard phases. 
The binder may be added t o the p owder compos iti on in 

IllfllilllH 

(which is hereby incorporated by reference) . I 

i-iiil'ilPillii 

consist of e.g. cellulose ester resins, hydrdxyalkyl e:eil| 
" : :^lulps:evresins having 1-4 carbon atoias iri ;the 

llp-i ||i||ii;feh^ i ;; -i^;s|ns: ^f||| } _ ■ fiiiiiiiiii 

;|:||p :; ' . .-phid^iv. '. \s ^^^WMIW^^^^^^^ ; dis^;l|)|Li : |li ' Mi #• ir^l.cie;>; $ 

-^^^r : iMMM : ^^^^^M&k ?-; : |>a^'i-um • ;di;f : |uo-r i : de' ;^ah cj ;: ; ; c a 1 c : i : yiti ; - ^iii^V. : : 



tl 
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$e , wh i eft :\ lf;r|e||ti;S 
■ Jf|||||Tfte hard- pBas'^s; ;|g;|;M;c| 



ex 



er s 



•■■ in comb ina-+ 



lii the m|^ia;i ; ^|)OW<|e p|cpirip o sit ion?; 
Ip tungs;t£^ •' : ; ; 

J..§;itt^p|iii^: : chromi^ ' tan|;^ ' 

Jffi|:i^ ifriit^: ■ of a;t^ vani;d ium;>; :||S|^|^^m^ ari ; fei^ 

j^:^ Ai 2 0 3f B 4 C, and various * 

• : l::|^i;rt froiri lubric ant %^^^||I^|ifec| ;}Ii|||f^ 

;;• ; :l||Lb;r ica^l^ •>!; • • su • :s£e|f ^ 

: and lubricants; of: amide wax type. 
llllllH : i':Wi;ih- . £he||iK ^§n^MM^^^J^^§- >|f 1 hi ; ; ; ; ' ir$tiif : |;|f 

: ; ; based powder : and the liibricant p a r tides . are mixed to :;f§||| 

substantially homogeneous powder composition v 
15 1 Preferably; the lubricant according; to the invention 

; is; added to the metal-powder composition in the form of l : 
solid particles V The average particle size of the lubri- 

' '. X'X " ; •■ , X"X*X*X*X'X , X , X;X;Xv.;.;. > X;X;L;X\ X "**v ' "**,"""X-'Vl X "~'*!*X X*X .*X"! ^ ^ "* \*X*X '~'X*< -X'X-X'X*! •" *X*X\*X*Xv l'X*"*!' "X*X*"/vI\"**X'x'X'*' ■. Y.-X"! ^""'X'X !*X*X*X' ' vX\ . * ■ •"•* •*"' *-• "**"•• • •" *Xv '\ X\vX;W 

cant may vary, but preferably is in the range of 3-100 

20 ^ If ;; the pafticle size; ;is too- large, it becomes di f fir 

cult: for the lubricant the pore structure of the 

v. ;: 1 me t a 1 -p o wder - ;C bmj> : o si'ti on v> : ;c^ ring : :: ;, c onp a ci ipii ^;an d | :|:|i ;1 ubr ir ; 

cant may then give rise to large pores after sintering,; 
; : imp a ir ed ; s t r e ngfcli |;pr |||if p& 

25 ties.: . 

In warm I pressing; according to : the inveintipn, : V.::th;e'|.:. : v"--: = 
metal-powder composition is ad van t a g e o u s 1 y preheated be- 

llllll 

such preheating, it is of; importance that the lubricant 
30 does not begin to soften or melt, which would make the 
: powder composition difficult to handle when filling the .. 

Illllllg^ ; ; :C<|^|C 

£;p 

: Moreover,- "'it' is important that nq;' : p£i^ 

■^^^H^^IP^^^i^il- i W$^¥^fMW^Mi -AS; i l;Ubf Illlil f p$ ^i^l^S^^ - ^ \ 
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^■\:i^§%:^teps of the l^atrrti': |p|«||p^|ii.Gn processSfr^ 
aj V^ ; ;Sfxiti:g. an iron p§w|Ler^ 

: . ; which is : preheated to a. temperature of pre;£g||^ 

. d) sintering the compact at a temperature 

In step b) of the method/ the powder composition^ is 
; prefer abiy preheated to a temperature ' of ■ 5 - 50? C ; below the 
15 ^melting point of the oligomer .: ^Isq, th.e = |l^|i|fK!^^l®^^ii 
: >;|i;ln|^ 

I i temperature of I th e preheated; metal-rpowder; ■ composition ; 

A few tests will now be accounted for in order to 
illustrate that the invention is effective and yields 
20 products of high green density as well as high green 
: strength. : • .> : . :-M , , 

. ^ test* -;WI I 

111 T at> le • l: : |B;el o w s t at es : ; ;a i;nuinbe^ -0g^^^^^^§^ by j ind||-: 
25;;; • f c a t in ^1 ; mel 1 1 ng we i gh t| ^^e r|ige mo 1 e c ular ; < :mM 
weight M^/ measured green density } (GD) and ejection force 

Hoganas KB) , 0.6% i by weight ' of lubricant and 0*3% by 
I: : weight \ of I ■ graphites I The : eompacti on press ure \ w as; 6 00; MBa/r ; 

ilfOtaS^ 

:•:•;:; ;ilf;::;;:I:;p 
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ri cants a c'cBf ^i : ^g^:i : ;tb : : 



ion 





Mw 

g/mpl;:^| 


filllllll 


11? • ¥ 


;;§i|illlOill! ; : 


•Melting ' 

:p^ifi:i ; i ■ 

:®mlij.:-i 


Grga s ol ? : J3 :S:0#:l;C; ; 


6500 


111.11 1 


I i7:0i-: | 


10 






1800:0 


7, 22 


150 


ill IlP::':- : ^i:. ; .;Fi 


17 6 :.::.■:■: 




40000 


t'lillll 




30 






4£(J§ 


7, 29 


140 




167 












lllllllil 


EBS 3) III 11 


590 








;;: :: lllllll 


•Gr;i : lami ; S^ : : ;lii§ 6lte |fe 


35000 


6, 99 


306 






H 291 3 -L^) 


; 2000 


7, 32 


139* 




Bllll 



1) 
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3) 



lubricant according £6 US Patent 5>154,891 (substantially ; 

;;:;|^lj|yl|n^ 

: -f ■ rep reduction iri " filling: operations: at elevatep: terrier ature 
10 1| oligomer of the type polyamide 12 

||| : j^iineiiV^ ' <^^y^Bi^M il Sit; If : : -l-tf f'ifl •'•|; 

"r^llillilif illlijiiilli 

polyamid 12: having a noriporous structure, m being 12; ; 

15 V- : O rga s b 1®2 Q;0| UD 1^ Orgasolt3501 EXD NAT 1 . ; - as . 

■ : J i ■ Ifttqcheiri,:; Fraiic£|;i k : 1 |||||I ; £ f ^iSSl'Ull^ 

it&B5, and -'the* ej Action force was: measured according t§||||l 
2 0 Hoganas Method 404:. ;: : 

flilllf |§ - : Thei melting point peaks for the; lubricant^ are indip- 
cated as the peak values of the melting curve, which was 

:i M ^ISiS^li^^^^fK 

As appears from Table 1, high gxeen densities can be 

£S§o^ i^i^'^^S/^^ |f|^i ; Met^t^er". ?]i^d^.j • 
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iix : too low a -qzMefi 



■ ■ 10 • :j; i;r : i. v ' 

^density ♦ Hov^.e^^^ : i^dW- o w a mo- 



ll 



an. uneven e 



TW&M 1 following • €;es|;l^| pa 3|||>&^^ ' ; : in||ol"d^ ; fc. |i;b ; : f e£; % ab - 
vi'iisii' : ; : |/£eift ep the- t:feitvj|p^ • ef- 

•'•* *X " I -* I • .*" •*• • * **.*.'.*. *X' * .' '.*.'.*. *.*.; I "'X • " * "v •'• **"*X* ■• X*" • ■ - - ! ■ * *X «*. * v.* * X X .* X* • • X*X*X; X\* X* .*. •. . . . X*X" X »' X*"*I X*X •***'* * • 

: ;f.ect;;;.-;|)ri f 'GDllinca Ej : j j II |j| ;;f ; 4|||§ : ;|; -;x--i y : . : • , 

^^^^^>^^^^ in .-S^lfl^ 
; p:erat^ 

i|rs : ;!illllp ' results are indicated in Table 2 below. 

:§ WMfM W&0 : . -Mm .' : lllili.n:.2l II ! II I :ifltifl 111 I §11 ;W : I! Wiffi =■ : 
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130.1 
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creases when the powder temperature approaches the rSeiiiii 

;-fi;|nx:|ln^|;^ 

seemed to have a minimum value in the range: of 5-50 °C be- 
low the melting point peak of the lubricants. If a cer- 
20 tain oligomer is to be used as lubricant iwith maximum ef- 
fect, the compaction temperature has to be adapted to- 
ll;! ||:'£|ii-fe^ i-ri^l :.cl*£ra^ :- ; pf J : ;I fr | 



- : : ; • ipdrc^a c.t ;i;Sri ; : ;M f ' •. pow&<££^cz dmp o-s:i t: ; i0^ : s -^ori^ 
■ : > ,.:.v •. . ^ag^x&£ng : - to M$je: |t$i^ 
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i5li/SES5/00.636 



Was car- 




15 



:jfi marketed by Hoganas AB % 
:;6:V3 % by | weight : .of graphite; I. ih 

of Orgasol®2001 UD NAT 1 •' . 

Composition 2 ijij^iiiiiii^ 881 } - 

;;p|i;fal oy^AE . :' . : ; H ; ||i|t : ;:|ff| |: ||§ f § 1| i ; ': ^ |||y|' |Sfi^ ifl f \ % 
: i;6|^3:|;;l;$ y f weight:! j i;S|^lgr ap|t;i|i||; |: 

International/ Cincinnati, Ohio. 
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• ; Compaction was carried out in a Dorst '■■ .press.,: ': which ;. 
in Table 3 \ beibw.; | | 

I-:'' 'Table 3. i 



; : G6mp:ps : i-|;; : : 
tion 


Powder tem- 
perature 


Compaction 

: :pre:s : Sure;;::?f.|: 


: §P#<£n ;:<ien^S; 
sity 


Green 
strength 
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g/cm-3 ; 


|:|;: : yNv/;mm?.:;:-f| 
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fiifiilliiiii 
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■ . 'i iit | :';| :'tl.! : ii- ; ; , 




lilllllify' 

llillllilt.:.;: 


: * .;:;uhcertaiii , : ;vaiuesi du^t 


b problems whe n fill ihg ;the, t ppi? .• • 
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3!> ; the. f^^^^^l^||s . r e suit : || 
igMo'p.e r t ies, ' i^j^^Si)e« iiigpv/d e r t 
i s |ir:a : n;gei|vi diF^O- 1 2 ; G q #^ : {;^| ^|^|^|p;©wder : 

||^|^di|.rxg: ; to ■: f sff^ y . hi^ti 

piel^ ! |||§§ 
|:L|| : f pyii©: p r 6 |$f |s; £ | |hl;d fell. .coM|p||^ 

JiS§l§V: td |1 rtsurel that: a||jgep#^| : [ 

;Ga ; J5'B%l ; i:i:-;i:' ., . i^fMM •• ■ -1 • ! 111 - : .': : i! i ill III f ; ; If! ! i 11 •! lltilt -; : : -'¥W. h 



15 
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I X*X !'X*.vX*X . I XX I • .*.\*X"X*X - •! XXX** XX -•. X - *X X XX ■" ■.* *X X . * * X* ■' XvX X - X*X - XX*X* *"•... * , X X*X*X • *. I***'*" X • ' X*X*.*. • *. . . .■*•!•.*. .vXw-*.*. *.*.*. *.*.*. .*. •■ •'• ■;•*»*«*•'•* ■ •- 

11111111 another test was performed in order''to ; : qoinp||||S; 
metal-powder composition according to the invention and a 

cant Promold®4 50. 
ing ingredients . 

'. .'. X*XX*X ',' '.' * ' XvX*! *vl vX' M**'X vXv *!'!v *X**. *X XX '* X-XX-X*. X Xy!y.\ «•.•*• x'X* •'*"* .- '. 'XXXX'X'XXXvXX'XvXX XXX"-* • X*X*. XX . X-X ■!*!•!•'■ -. .■?-! XX X*,*. ! X*XXX - . •"•*•*•. X*X X-X*. XvX . X . X- *XXXX* * *X X !■ XXX* /X* - X*X ^ 

j ^Compos! t i on ffi- ( iiiy e h t i o n; ) ■ ; ■ ;: ;! -: : : ? ;•; 

llflllliltt 

111 1 1 1111: \ by I weight of Orga sol® 3 5 01 EXI>; j ; NAT : 1 ; : 1 1|| 
Composition 2 (prior art) 



30 Compaction was performed in a Dorst press, Which: had 
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jrlllll 


vSihter-?. 




iFlexural 
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sibnali:. 


{strength 




.pressure iff 










change 








; kP/cm 2 | 


g/cm? 


•N/irim 2 








: . v|||r | 




ff- 036 1 


7.34 




llililll 


§l|j;|§ j 


1443 






|:U3;27 J 


7.30 


ill 111 
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Pilfip^^^ from. 



If 



,^l|;f Jl Yet another test' was; performed: in order: to establish 
whether the lubricant according to the invention had the 

f^E^^Mi^BMM^^MMM^ using pr£ alloyed ; iron; ippwder;- . arid |£iijrlill;| 

', ' Xv '•*• *X\*X . I*. •*•'*. '-* .vX'X-v OXvX""*X*X*X * *' X*X* •'. '*' ' • **. ■'•X '*.*" '*X •••*••*; \**'"X . . ".XvX XX;X;. r X;\X; ; .v. X*. •.-!-.•;•.*! . X\ '. •X-X*X*X*' , X*X\ ! " X*X '■■ •■' Xv.v *X"XX*X *••'• \*X***X*X*.*X* • •. ■'. . X X X Xv' '.'.'X - ! • 

iron powder . - ; : ; % ■ v . 

In a Iiodige: mixer, two different metal-powder; eompo- 

'.■ ■'. V •X , I*X*X\ , X*X*X , X , X*XvX , X*X , X*X *■. .• \ X .*.*X*X*X •X*X*X*!' ■ •!•!•!•!;■•!•/!''.'! !;!•! /!;! .*..*.•.'.*.• .v. ..*.'.;.■.-*. . X ■."■*•*• .".**X'X ;«X*X X*X X X-X-X i*X* vX ■XvX*!" vX -■ '*•■ X - - '«*-• •*•%*•■■ T X "••■X'X* v.*' . •*. •X*" X*"*X"X* *X*X*X «* *! 

f 1 1 llliil ftilii^^^l:! ! : i il p£i|ll§^ powder f r bm Ho gan S3; 

AB (containing 1.5% of Mo), 0 .2% of ; giraphit^;; arid 0.6% off! 
Org a sol@350 1 EXD NAT ||f | : : 

2 . ASG 100.2 9> an atomised pure iron powder, 0 .2% of 
graphite and: 0.65% of Orgasol®3501 . 

X***" •*■ • ^*.*!*"*X'«*r'!'!*X'**I*''X*'*«'»*'*'***i*«'!*!*'***»'**.***! *■!*• .**'**X - X**** "■'•"•"• ■J*. - .* ■ '.*!' *• •■ ■. .*.■."! .■,*.■.•.*.*.•(•.•.•.•. '.■.*. t .;,*. . . . .■._.*.;.■ . .*• *"■*•; *• •*•■ * *•*. • *■ •* * •* * *•' r***I* '. * '**!*^*'"" **.•!•*•. ***/.*X X'X*«*X*'*'' ' .* *^* * *!**■• • *! '*! • "*"* 
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^fe;s:t pro- 




i||6;c^ ; teiri-J 
: pe r aiiur e 




Green 
klensity j 
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Slllpfeilifeil 


; g/cnt^ j 
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IllilMlili 
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130 


liyiiilllli 
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fflftiiiB prealloyed and pure iron 

•'. '•.*.*.' *" '. ' •' • X '■>'*'■ *XvX*X*X *X-X " *"*.* *X*X* • ;•;•;*'■' ;"'«*• "*• ^ •*« *« ' • X\ . X " .•! !!■!!!! X- X* .• v! * ' X-.- "'v"""f.;X;"".' ,X X X • x*X'x*X''X*X* • X*X* J • "*X* '*X '. X*X '* •"* •"•!•« '*.** '• vX'X XXX*XvX" ' " • • •,• ''*X*!v'vX X . •" '.•***"*■ 

; l-jili liiiil: Jli:^l:: C .^l : III xtl £ K^Nfi "ft ^ ! II ^ f^: ^ 181* i ' 111 ll'll M ^ = = ' = ^ : ilfll J^X; £ 

Slrll^^ -; :; r ;;;; ;j: ; 

yields f ully acceptable products showing:; high green-den^;:' 
J|||y sit ||f £nd :: ^ h i^;i, ;;; gf fee en g t h> : -la s we 1 1 ;;;|a sx:; safeis f :£;c t ^y II 
i :\ : ;|!§| : !| :: |r $|>£r tie s : a ft el l^iiit ex ;ing : |; ;:f ^ ;,x- Q 

" '*.*' .' •*■" XX *X •"•« "■ ■ .'1 X*X X*X r •.**•.* ■.*.*.*. *!*.■• »•»*. ' ; ; . ; '. X * *'- X*X ' -X . ! ! X* • * X*X X **M '* '. X X*X I X*.*. »-X* ;I X-X; -X-X I*X.*-' -■^•X*X - * - . • Xv** * !•*'• "X'X ■ •* '* \ .*.*.*.».*••. ■ "**X t ;■*•*•; '.«;• 

• •• TEST ;6 -: 

As appears from the following experiments, the ^li-- . 

I tibial lubricants for cold compaction. Moreeover,.;.; : ;1:he use 
; :!; 6f an orgasol for cold compaction has been suggested by; 

: : ;x;"i;;:l 

■>x xxx'i'.'x '*'x'*"x*X' •;*x*x*xxxr'x-*x*;"i"i'x">X'X'!*x * x*;-x'x»X\ x ; *• -x-!-x .*• -x-x-* *v;!'!-Xvi;X;X'X-;, ■>■•;* •xx""**'"' *x* x" - r'x x ' ! , !•;•!*. . x ;•. x x • * '-x .'-x x-x x X;X\XX;X >x XyXi'x !*x*x'X'! >'x- - *x* *x - i* "* ^x**. x*. ;• "i-zx-x . *x*.*x .-.v-x*!*; x-;*X; 

Orgasol 2QP2 ;| which is I a : : compound having : a: : molecular • : • . j 

Kenplube Pll (commercially used lubricant) 
25 Zinc stearate .( " " " ) 

; " ^^Ji^S^^i ^ ; ^jjfec^e^% : x :: "'; 



racterised in that the oligomer has a weight- 
average molecular weight M w in the range of 2, 00.0-20, 000 . 

4- A lubricant .as claime'dVin claim 1, c h^xr^aviq ^ 
t e r i s e d in that the oligomer includes lactams con- 
taining the repeating unit 

: ^; - [nh- < ch 2 ) TO -co] n - : ; 

Srein m is in the range of : :6-12, and n is in; s the : range 

||| : ' 5-50. .; v . ; ' ^'f^-.^M -F = " " .= . = • : " = .. .- : 

;5. A lubricant as claimed in claim 1, charac- 
ter i s e d in that the oligomer derives from diamines 
and dicarboxylic acids and contains the repeating unit 



wherein m and n are:; in the : ; range of 4-12, : m+n being . 
greater than 12, and x is in the range of ^^^Jf)..\: v 

t s e d in that the £31$^ Qf 

^:INH s :.-.-;^terminalF ; grdups: selectSfTf 

R is a straight or branched C 2 -C 2 o aliphatic or aromatic 
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llllpllpv. .'; | % ;r#i- R , wh-i|i||- i? ' -fe:|||;v ,; s t r a i gh t -<|g|fc^ t-^- 
'c^WM0^m group ; .;§§! 1 1 offi|| i;||;if |oup , p^eff |a|i| 
:aliphatil|l||up; or wh e r |:: ; 

lubri canfe <a|:^iilxli|f ipl-^hy one' • ^^^pe^^-. : 
5. in "that the oli- . ; 

. gomer has a melting point peak in the range of 12 0-2 00 °C. 
J^§S§k'B$ A metal-powder composition for- w£r ||| 
•'containing: iron-based powder and c h a r - 

act e r i led in that the lubricant essentially 
10 consists of an' oligomer of amidf l^ which h-as a 

9. A metal-powder composition as claimed ih claim 8, 
c h a r a c t e r i s e • d -in ■. .that the Migomer has a mor. . :; 

• : ; lecul ar weight of 2 > 0 0 0 - 2 0 ; 0 0 0 and is . : present an : an 
15 amount of less than 1% by weight ; ; : • 

1 0 . ; A metal-powder; composition; as claimed in claim, 8 
or 9, Vg: h. a r a c t e r i s e d . in that the metal powde;fe| 
is an iron-based powder having high compressability, anpll 

■ that at , lek|t 8:Q^i o ' made pi of; : : : J r j: 

20 1 oligomer. fix/.: %<fif •• '• .:' = W^W if; WM§M -f ':•' 

11 * .. A metal ^powder composition as- claimed in cia im • • 
id/ char act e r'xi-s e d in that the iron-based pbw- 

^^^^^^^^^^^ content 

12 . A metal-powder composition as claimed : in any one 
25 of claims 8-11, characterise d in that the 

oligomer makes up 0.2-0.8% by weigfht of the total compo- 
sition. X ' ';..[ ,• ,: : V x;:. . ;x : . 

13. A metal-powder composition as claimed in any one 
■ ■ ^ ; 6 f ; c 1 aims : 8- 12 , i : • c h . a ^ r : a c t : ;■ e. : r i : s . e d =- : in that: . it fiir- 
30 ther contains one or more additives selected from the 

f|i.; ; i^- ; lug^ 

phases. 

ff|||;^ ' : i : p;r \ lia£&i^ | p;r $d uc t;&:| y^i im||r iis; 'M |- ; 

: - 35; : :i lt:^|${&i^iig; an = i ir bii^-b as :ed • pd^e-i :| and ;;: ; : | : ii|>^i;P a^ ti > ; : t:c>' ^ ; : r 
; ^me |;H l^p&^jder \ ppii^o^s i t 



i ^bf -preheating Mf l|ilill|^^er composition to a pre 

de'fe^ined temperature, jllllllllll-ili- 

c) compacting the /metal-powder compos^r^n in ; a ; :::||e- 

: he:iil;llil ?b||> : and • : ||| II f • | Jf If; ||| f: . .. • | Jif||;»: : €> ; ■ ■. ■ 

5 -vi^B^^tt^fi^^l •t^^^pSI^Sfc Al " I>6i ^^^ composition j 
at a temperature above 1050 °C, 
' c h a r a c t e r i s :e d in thatCthe lubricant 
essentially consists of an oligomer of amide type, which 
has a weight-average molecular weight M w of less than 

10; : 30, 000. ; V.' : ' 

15. A method as claimed in claim i 4 ^ ^ US':: Ipil'^iiS" r-fliJ I : ll 
111 r i s e d in that the powder composition in step b) 
is. preheated to a temperature of 5-50°C below the melting 
point of the oligomer. 
1 5 ■ ■ : 16 v A method as claimed in cl aim 14 or 15, ; 

■ ; c ha c t e r i s - : e d in that : the tool before step c) 

is preheated to a temperature of 0-30°C above the tempe- 
rature of the preheated metal-powder composition. 
■/■■IT.. The use of a lubricant, which essentially 
2 0 consi sts of an oligomer of ami de type having a weight- 

aver age molecular weight M w of 30 ,000 ; at the most, in ; ■ ; ; 
f. ; I % / warm compaction . • •'■ 
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